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Isn’t it Saturday?
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But, I guess you want to be the…

IMO Trainning Camp NUK, 2004_06_19 4

So, let’s go!
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Outline

n Brief introduction to scientific computation

n Taylor’s theorem
q The theorem
q Finite difference
q Initial value problem
q Boundary value problem
q Newton’s method for root finding
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What is Scientific Computing?

n Scientific methods:
q Theory
q Experiment
q Computation

n Give me a number

n How good is the number?
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What is Scientific Computing? (cont.)

n 計算科學與
q 各科學與工程領域
（實際應用問題）

q 應用數學
（知識、技巧與方法）

q 以及資訊科學
（計算機軟硬體）
彼此之間也都有相當重疊
交互應用

計算科學
跨領域學科

應用數學
知識技巧方法資訊科學

計算機軟硬體

科學與工程
實際應用問題
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What is Scientific Computing? (cont.)

n Being able to automate calculations with a 
computer

n Design and analyze algorithms for solving 
mathematical problems that arise in 
computational science and engineering

n Numerical analysis, Computational methods
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What Is Scientific Computing? (cont.)

n Deals with quantities that are continuous 
rather than discrete

n Concerned with approximation and their 
effects

n Approximations are used not just by choice: 
they are inevitable in most problems
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Numerical and Symbolic Calculation

1/4 +1/3 = 7/12 (=0.5833… )0.250+0.333=0.583

π3.14159265358979…

(Å-1)/(x+1)=x-13.4²-0.79=10.77

Numbers are represented in 
an equation

Involves numbers directly

SymbolicNumerical
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Numerical and Symbolic (cont.)

Numbers are represented as 
binary (0 or 1)

Highlight the fundamental 
behavior

Main focus in this course
Slower / ExactQuicker / Approximation

Computer programs
(Maple, Mathematica, 
Matlab)

Programming language 
(Fortran, C, C++, Java, 
Matlab)

SymbolicNumerical
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Numerical Methods, Algorithms, and Computer Codes

n The goal is to find a solution of a real world 
problem numerically.

n Numerical methods is a mathematical 
description of the introduction of a idea.

n Algorithm is a precise sequence of actions 
taken to obtain a desired result.
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Numerical Methods, Algorithms, and Computer Codes 
(cont.)

n Computer code is a translation of an 
algorithm into a sequence of statements in a 
particular computer language.
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An Example

n What is the surface area of the earth?
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A Solution

n Earth is modeled as sphere, an idealization of 
its true shape

n Mathematics gives formula A=4^R@

n Value of radius is based on 
empirical measurements and previous 
computation

IMO Trainning Camp NUK, 2004_06_19 16

A Solution (cont.)

n Value for ^ requires truncating an infinite 
process

n Input data and results for arithmetic 
operations are rounded in computer

n Answer the question “What is the error of the 
computed solution?”
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General Strategy

n Replace difficult problem by easier one that 
has same or closely related solutions.

n Complicated -> Simple
n Nonlinear -> Linear
n Infinite -> Finite
n Differential -> Algebraic
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An Example of “Simplified”
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KISS: Keep It Simple, Students.
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Ten Outstanding Engineering Achievements 
(1964-1989)

n National Academy of Engineering, 1989
1. Microprocessor
2. Moon landing
3. Application satellites
4. Computer-aided design and manufacturing
5. Jumbo jet
6. Advanced composite materials
7. Computerized axial; tomography
8. Genetic engineering
9. Lasers
10. Optical fibers
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Grand Challenges

1. Prediction of weather, climate, and global 
change

2. Computerized speech understanding

3. Human genome project

4. Improvements in vehicle performance
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核磁共振影像
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風流
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震動中的波

n In Matlab: demo > Graphics > Vibrating logo
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Butterfly Effect
n Ed Lorenz’s paper (1963) reads  “One meteorologist remarked that if the 

theory were correct, one flap of a seagull's wings would be enough to alter 
the course of the weather forever. “

n The talk given at American Association for the Advancement of Science in 
Washington, D.C. (1972)  “Predictability: Does the Flap of a Butterfly 
Wings in Brazil set off a Tornado in Texas? “
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Lorenz's Equations

n First order coupled 
equation

n Commonly used 
constants
q a = 10, r = 28, b= 8 / 3, 
q a = 28, r = 46.92, b = 4

n Initial of x, y, z
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混沌

n In Matlab: demo > Graphics > Lorenz attractor animation

•混沌是非週期性之物
理系統的演化模式。
系統的演化對初始條
件非常敏感。

•實例：勞倫茲吸引子
(Lorenz Attractor)
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生物現象

n 人眼可輕易偵測移動中的物體，但難以分辨同
一物體的靜止狀態

n 對動物來說，這是重要的生存本能
(掠奪、捕食、逃避)

n 範例: 隱藏的形狀
In Matlab: demo > More Examples > Hiden objects in motion
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Taylor’s Theorem
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Brook Taylor (1685-1731)

Taylor was an ingenious and 
productive British mathematician.

He attended St. John's College 
in Cambridge, and shortly after 
his graduation was elected a 
Fellow of the Royal Society. 
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Finite difference to the derivative
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Find a balance point.



24

IMO Trainning Camp NUK, 2004_06_19 47

Euler’s Method for Initial Value Problem 
(IVP)
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WAKE UP!!
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Newton’s Method
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One thing can be viewed from several 
aspects in many cases.
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Even you don’t know the answer, you 
may know what the error is 
(approximately).
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Think globally, act locally
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Boundary Value Problem (BVP)
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